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Why Mathematics is Central to Our Society 
R. W. Hamming 
~ay 13, 1987 
' , 
I was invited to talk to the honors students and their parents, but ~ suppose that the parents are here 
because of the students, hence my obligation is mainly to the students. My main prpblem is how to get 
you to see that in time you might well be me, that there is at present not a great deal of difference ~etween 
what you are and what I was when I was your age. · 
My solution to this underlying problem of establishing some mutual identification between us is to talk 
frankly about my own life in the hopes that you will be able to see that it is both attainable by you and 
was extremely interesting and worth attaining. 
It is difficult to get you to realize that the future will come, that most of you will live into the 2040's or 
even later. The young seem not to realize clearly that the old were once young, that the old too, in their 
ways, and in their world, lived through feelings much the same as yours. But also, that the future has a 
way of coming relentlessly; that some day you will probably be retired and look back on your life and 
wonder what you did with it, what would have been worth doing as opposed to many of the follies you 
did. No one is perfect, they claim, and I certainly do not feel that I seized every opportunity, but one can 
strive to be a little less foolish than the average individual who lives almost heedless of the future and 
hence has to accept what comes; people seem unwilling to make the effort to shape the future to meet 
their desires. 
Mathematics is nothing more than clear thinking greatly developed. Generally speaking, with some 
exceptions, science asks not whether something is or is not true but instead measures the amount. This 
more precise attitude not only applies to the hard sciences like physics, chemistry, geology, astronomy, 
molecular biology, business competition, etc., it is rapidly invading the softer sciences, and even the 
humanities where questions of authorship of disputed documents are studied via a careful statistical 
approach. Thus Galileo's famous remark, "Mathematics is the language of science." is gradually apply-
ing to the whole field of careful thought. It is still the universal language of clear thinking. 
I will not apologize for this personal approach, and it is done, I hope you all realize, not to brag but to 
produce the sense of identification between us. The hero of the story is mathematics not me. In many 
respects those who will not learn mathematics are automatically relegated to the sidelines of events. Yes, 
they may be the managers, but the creators must have a command of real mathematics in this day of 
increasing complexity. Without mathematics and its viewpoints you will live in a country where you do 
not speak the language. And with a mastery of the language of mathematics you will find that you can, to 
a surprising extent, be a Leonardo da Vinci and engage in a wide gamut of human activities in an essen-
tial, rather than a superficial way. (I am supposing that you want to live a similar exciting life as his.) 
My earliest relevant memory is in my freshman high school algebra class where I realized one day that 
while I was no genius, I was a better mathematician than was the teacher - I had better style in solving 
problems - but that still I had better listen since she knew much more mathematics at that point than I did 
- that I could still learn from her, but that I had better not mimic her style. Now that is not surprising if 
you have some mathematical talent; so many of the teachers in science and mathematics have been 
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drafted from other fields of interest, and while they may know the facts better than you do, still their style 
may well be worse than yours. It is no different in industry; often those above you will be in many 
respects less able than you are, but they may have more experience and still be worth listening to. Your 
feeling that you dislike mathematics and have little ability is likely to reflect the style of teaching you 
received, not your true ability or interest. 
When I graduated from high school, as you are now doing, it was the year 1933, and the depths of the 
depression. My parents were probably much poorer than are yours, and the outlook for science, engineer-
ing and mathematics was much bleaker, because the great upsurge due to the Second World War had not 
yet occurred. There were perhaps 10 applied mathematicians in industry in all the world at that time. 
Thus in many respects you are far better prepared to be launched onto the sea of life than I was. 
I slowly worked my way through college, and got a Ph.D. in math in 1942. After a bit of teaching, I 
found myself at Los Alamos where the atomic bomb was being built. I found myself in the computing 
group; indeed I was brought in to replace eminent physicists so that they could, having got things going, 
go back to physics. It was a decisive experience to go through. I saw, for the first time in my life (there 
was no television available in those days) great people up close. Feynman was in the computing group: 
Hans Bethe my immediate boss. My wife ran a desk calculator for Fermi and Teller, and of course there 
was Oppenheimer at coordinating councils to see regularly in action as well as on occasional visits to the 
computing group. For the first time in my life I saw what great work was, and the difference between it 
and what I had been doing before, which was merely the standard "good work." 
It was this experience that made me want to do significant things in life, not merely lead a conventional, 
comfortable life. For better or worse, I chose "doing great science" as my goal in life. What goals you 
choose are, of course, up to you, but to drift through the single life you have to lead without any 
significant goals seems to me to be less satisfactory than trying to reach excellence however you choose 
to define it. 
Before going on, I must define what I mean by mathematics. It is commonly said that you first reach 
some mathematical maturity when you take a calculus course. I teach such courses regularly, now that I 
am at the Naval Postgradate School, and the students need some refreshing of what they learned 10 years 
before. 
After thinking hard about what I am doing in the cotµ"se, I long ago decided that what is going on, besides 
the learning of some mathematical technique, is learning to handle abstract symbols reliably and with 
understanding of them at the abstract level. The so-called pure mathematicians are content merely to jug-
gle abstract symbols while proclaiming that the symbols have no meaning. They are often forced to say 
that "Mathematics is a game having no real meaning." It is a popular attitude among college professors 
of mathematics. To me they are only half mathematicians - until mathematics is used for human benefit it 
is no more than a game like chess or bridge. I am not content to spend my one life merely amusing 
myself. As a person who made his livelihood for 30 years as a mathematician, computer expert, engineer 
and scientist at Bell Telephone Labs, I believe there is a second aspect, namely the ability to identify 
these abstract symbols with things in the real world and this is much of the power of mathematics. The 
important point is that there is not a single unique identification, but rather there are many possible 
identifications. This identification is well illustrated by the following story. 
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While I was at Bell Labs I had long before established the habit that around 3 p.m. I would get a cup of 
coffee, not from a nearby place but a far comer, over in the area of the electron microscope (which was a 
comparatively new tool in those days). I had written one paper with the man in charge, and was friendly 
with the lady who made the coffee. The reason for going a far distance was that it gave me a chance to 
think more clearly while away from the activity of the immediate problem I was working on. 
On the particular day in question, I had been studying the mathematical effect known as Gibbs' 
phenomenon in connection with the processing of abstract signals; its meaning does not matter. As I 
started out to get the coffee I felt that finally I understood what the effect was in the deep mathematical 
sense. As I wandered along the corridors, I suddenly realized that it was exactly the same thing that is 
known in optics as diffraction - and of course, since I was headed there, for diffraction in electron micro-
scopes. I stopped in at the office of my friend before I got the coffee to tell him that I now understood 
both Gibbs' phenomenon and the diffraction rings that occur in an electron microscope, and since I under-
stood how to remove them in the phenomenon I therefore must understand how to remove them from his 
equipment! After some days of discussion each afternoon, he started to rebuild his electron microscope 
along the lines indicated to remove the diffraction from the pictures he was taking. It was mathematics 
plus a vague general knowledge of the field of application that was necessary to do this. 
It is this identification of the abstract mathematical symbols with reality in many different ways that so 
impresses anyone familiar with the history of mathematics. It seems to everyone who has thought about 
this peculiar effect, that mathematics is remarkably effective is predicting the behavior you will see in 
reality - that more than a few times the mathematical symbols have revealed new effects in the world: 
effects that had neither been noticed nor suspected. It was Galileo, practically the father of modem sci-
ence, who said, "Mathematics is the language of science," though it is true that Pythagoras in ancient 
Greece said, "number is everything." Sir Isaac Newton firmly established the connection between 
mathematics and the physical world when he wrote his Principia and created the field of mathematical 
physics. 
Mathematics is then both handling abstract symbols reliably and the abilty to identify these symbols with 
various aspects of reality. 
But there is another side that this barely hints at: that the mathematician regularly abstracts, generalizes 
and extends everything he lays his hands on. It is a habit I acquired, and another story will illustrate this. 
Abstraction is not done just to do it but for the insight and understanding that often follow. 
Again, the physics is of no importance, but a scientist was working on a cascade-of-electrons effect in 
diamonds, which was closely related to the understanding, what little we had in those days, of transistors, 
and I was asked if I could process some of his data. With the primitive equipment I had then, I did 
manage finally to find a very nice solution. It was so nice that a man was hired full time to rebuild the 
first equipment and make many further measurements. Well, it impressed me, and as a mathematician, I 
naturally started to study why I had been successful. Not in a few days, but over months of pondering 
just what I had done, pondering in as abstract a way as I could, I got to the reasons under the surface as it 
were, of why it worked. Understanding that, I was then prepared to handle similar problems from many, 
many different areas and in many different disguises. The generalization of that one problem was used by 
me many other times and in many other fields. 
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I offer you a rule: they tell you to learn from your mistakes, while I say learn from successes! There are 
so many ways of being wrong, and so few of being right that the study of successes is far more economi-
cal of your efforts. Besides the study of successes will prepare you to do similar successes, while the 
study of failures will prepare you to fail again! 
Let me turn to a partial survey of the things I was connected with. I will try along the way to spell out the 
things that I learned, and the reasons that mathematics played a central role. It is not to brag, and the 
selection must be confined to those things you have heard about; I simply must omit many, many similar 
tales about events you would not understand at all. They were not less important, but only a small, select 
number of uses of science and engineering ever reach public attention. 
The atomic bomb project was a revelation to me. The traditional laboratory approach would be to build a 
small scale bomb and test it. But, because of the need for critical mass, you cannot make a small-scale 
atomic bomb: it won't explode. We had no alternative but to predict - through mathematics - the effect of 
a full-scale test. I was stunned with the accuracy of our predictions of the initial test at Almogordo. 
I saw then, not perfectly clearly, but dimly, that computing was going to replace the traditional laboratory 
in many aspects. Some years later I said in a formal presentation to the President and the Vice Presidents 
of BTL that at that time we were doing nine experiments in the lab to each one on the computer, and that 
before I left the ratio would be reversed: that nine out of ten would be on the computer and only one in 
the lab - they did not believe me, but I turned out to be more than right - we often do thousands of experi-
ments on the computer for each one in reality. 
The combination of computers backed by mathematics has changed the whole nature of the laboratory, 
which is one half of science - the other half being theory. Not only do computers drive experiments and 
gather and process information, they also simulate experiments before they are done to see what can be 
expected, and hence check that the instrumentation is proper, etc. 
My next experience in serious large scale science was in the first fall that I came to Bell Labs. I was sent 
up to MIT to run simulations of the early designs of the Nike Guided Missile on the MIT differential ana-
lyser, RDA#2. It was my first experience with large analog computers, but since I had mastered the digi-
tal side just before, I went with the diagrams provided and simulated the required trajectories. Since each 
trajectory took about 45 minutes, I had lots of time to lean over the output graphs and try to feel why the 
curves were what they were, why the drag was so much here, why the induced drag when we turned the 
missile was what it was, how much the maneuverability was at various altitudes, etc. I slowly realized 
that the proposed slant launch was bad and that more vertical launches were better, provided the wings 
were made about 1/3 as large! So I phoned down and found that my guess was right, and was told to 
come home again. In a few weeks, with new formulas, I went back and found why it was better to come 
on the target from above, an exactly vertical launch, rather than below (as everyone thought). Why? 
Because of the thinner air up high! It is what you see whenever you take off in a jet plane to this day, 
they head up for the thin air as soon as possible, and stay up there as long as they can! Similarly we 
launch space vehicles vertically to get out of the dense air. 
While on that topic, let me say it is natural that the early work on guided missiles would lead to space 
flight. Have you ever wondered, "Why is it that when we take off for the moon we do not go there 
directly?" Why do we waste both the time and the energy to go into a more or less circular orbit around 
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the earth for some time, go then to the moon, circle again and finally land? Why not take off, go there, 
and land without all this circling that uses power plus consumables, like oxygen and food? The answer 
comes from what we call the "mission profile." Early studies indicated that the variability of the atmo-
sphere, and variability of the booster rockets were each so great that we simply could not know what the 
position and velocity of the rocket would be when it got outside the atmosphere and the rockets were cut 
off. We had to put the vehicle in a parking orbit and let it fly for some time while we studied it to find out 
what it was doing. We could go to the moon only when we knew that we could aim the rocket with 
enough reliability and accuracy to go where the moon would be when the space vehicle got there. Simi-
larly, when we get to the moon we again need to get information as to just where it is and how fast the 
vehicle is going, to compute the landing accurately. Finally, did you notice that we always fire the land-
ing retro rockets when we are on the blind side of the moon, and on earth we cannot know what is going 
on? It is again because general mathematical principles of elliptical orbits require this if we are to land 
on the front side (which we must if we are to have direct communications even if we happen to land in a 
valley). 
The mission profiles of various vehicles reveal a lot of hidden mathematics once you begin to think about 
why they are the way they are - we are constrained by the laws of nature and the corresponding 
mathematics to do pretty much what we do. It was an important step, for example, when we finally real-
ized that we could get energy from the planets if we approached them right and hence get farther out in 
the gravitational field of the sun, which dominates all current space flights to the planets. It was a clever 
mathematical principle we found that enabled us to plan many of the current space flights, especially the 
one headed for Neptune in another couple of years. The vehicle will have been in space for about 10 
years, with no repair man in space to fix it. We can and have built reliable vehicles without the exhaus-
tive testing that is traditional - and we have done it with a lot of insight gained from the abstract 
mathematics of space flight, accuracy obtainable, etc. The standard telephone office is designed to be 
"down" not more than a couple of hours in twenty years and we manage to do that. We can design in reli-
ability successfully; we know much of the background mathematics. 
You tend not to see the planners, you see the space jockeys who get the press's attention, and the hordes 
of technicians connected with the actual flight - the planners make the project possible, and they are the 
ones who need the abstract mathematics to understand what is and what is not possible, and to lay out the 
overall plan that later on others take over and carry out. You seldom see the real brains of the projects, 
you see more the brawn - but the brains of the projects do not mind much since press and media publicity 
should be avoided most times. Planning is the fun part for me and my kind. We plan the project and then 
pass it on to others to execute, with some advice from us to be sure. But they do all the details and we get 
on to other projects as we must, or else our lives will go down the drain in the sea of details that surround 
every large project. Variety is indeed the spice of our life. 
I wish to emphasize the sea of details that we know and must apply to have success, and the fact that the 
sea of details we know are relevant is steadily growing at a rate that doubles every 17 years! If you are 
ever to surmount this sea of details then about the only path known to master it is by abstraction and gen-
eralization. What you learn must apply to many different situations or else you cannot afford to learn it! 
I realized this one long weekend when I was feeling depressed after computing "yet another successful 
problem". Was my life to be one long sequence of isolated problems, unrelated to one another, and not 
leading to any bigger picture? It didn't seem a "pleasant" thought. And I made the firm resolution that 
any problem that I worked on in the future would have to be a general case, that is, that I should be a 
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mathematician. 
If you have had much experience with mathematics, you soon find that often the general case is simpler 
than the special case you started with and all its confusing details. The general case is clean, and only the 
essentials enter, so you can think more clearly, more simply, and better - most of the time! Occasionally 
you have to take on the special case with all its details, but less often than you would think! 
Getting back to my career: because I had the computers under my control I was involved with the first 
transatlantic submarine cable - not essentially, but on the sides helping. It was interesting to see how they 
tested for a 20 year life for every part when they had less than 18 months before putting the design into 
final form! It was estimated that (in those days' dollars) every failed soldered joint, every failed com-
ponent, every failed vacuum tube would cost about 1 million dollars - today probably 5 million dollars. 
You can get ulcers thinking about it when there is an amplifier with three vacuum tubes every 50 miles at 
the very bottom of the ocean under all that pressure! But it worked, and failed only when cut by a Rus-
sian trawler near shore where it was easy to fix. 
Another story that comes to mind is the Nike guided missile test shots. In one test round two missiles 
failed immediately, so they dared not go on with the rest, but the data was needed for later designs. My 
friend was wandering around the halls of BTL and I asked what was wrong. He told me, and I said, 
calmly, "You give me the equations and I will, with a clerk on a desk calculator, find out what went 
wrong." Well, in a few weeks they delivered the right equations, and in another 10 days I delivered the 
results - which pinpointed the error in their thinking I How simple! They did most of the work in getting 
the equations, and the head clerk in the computer division did the hard computing work - while I got 
much of the credit! Why? Because I was willing to think hard, and could, through my mastery of 
mathematics, see the essentials for all the details that they were confused about. Yes, they were close to 
the project, and hence were confused - I was well acquainted with it but on the side, so could see more 
clearly. 
Again and again, I want to emphasize the necessity of abstraction, generality, and extension, which are 
the essential view of mathematics - they are necessary if you are ever to master the sea of details we now 
know, let alone the sea that will be there when your careers are lived out. The 17 year doubling period 
that has applied for so many years may not continue forever, but is likely to continue during your career 
which will probably last until the 2040's or so. Quite a few doubling periods! More than four times as 
much as we now know. Perhaps ten times as much! Why should you not be one of those who create 
some of it? 
But let me go on with things I have been connected with, that affect you every day. In many ways have I 
interacted with the design of the telephone system, and both long distance transmission and central office 
design have been affected by some of my work. I was asked in the early days of TV if I could compute 
the "equalization" - a jargon word- of a telephone line from Philadelphia to New York City so that a very 
important program could be transmitted. After a bit of abstract thought, once they had focused my atten-
tion on the key formulas, I indicated that I could, though in the process I had both to change the design of 
the original proposal and the details of what measurements were to be done. As I have observed many 
times, I never made any actual measurements, but I shaped the way measurements were to be made and in 
this case made possible the "equalization" that had to be carried out. Many years later I found that they 
were still using the same numbers I had created to do the job! And I was horrified! They had made no 
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progress beyond my first faltering steps I They were foolish. They lacked the mathematical attitude that 
asks, "What is fundamental to this success?" 
Perhaps my error correcting codes are the most noted thing I did; they enable you to get high quality 
results out of unreliable parts - it is a basic design principle. You usually don't see it, but it's everywhere 
- from space vehicles sending back data and pictures to earth, to local information systems. In particular, 
if you use a compact disc for music, the idea is hidden, much improved by others, so that, as a guess, the 
equipment is half as expensive, and better music results (in quality of reproduction and not, of course, in 
quality of music) than if they were not used. 
Another thing named after me is a "Window" which is a picturesque way of saying that while you can 
never get to look directly at reality you can in many situations consider you are looking through a win-
dow. One particular shape of window has been named after me - and you will find it in many places from 
scientific work to medical practice! Most large hospitals have it as part of various elaborate equipment. 
The window, like most basic ideas is a mathematical formula, not a physical object. 
Again, why were these things effective? Because I took on the general question of what is wanted. In 
particular I asked myself how to get reliable results out of unreliable parts and not just how to get a good 
computer which is where the original problem arose. Similarly, concerning the window - I asked what it 
is you may want to see, given that there are limitations on what can be seen. One answer to certain situa-
tions was the particular window. Though there are literally hundreds of windows around, comparatively 
few are used in serious practice. Those that arose from asking what can be done and is wanted in practice 
remain in use and the purely mathematical ones are rarely used. Either extreme seldom gets useful 
results. 
I have worked on underwater sound transmission and detection, on radio waves, helped with the transistor 
discovery and development of transistors, though I have to repeat I played a marginal role of helping 
those who did the main work. Indeed, since I could not be an expert in most of the fields I have worked 
in, it should be clear that the basic expertise came from the people I worked with - what I brought to the 
team was a way of looking for generality, for what is essential and not superficial, that it was the 
mathematical approach that got the results rather than the individual person who used the approach. I did 
very little in lasers and glass fibers, and I regret that I did not do more, but one time when my wife was 
having laser surgery on her eyes, it gave me some comfort to feel that I had helped make the operation 
possible by helping those who developed the basic ideas. 
I began this talk by observing that my main problem was getting you to identify with the kind of life I 
have led. No doubt I lost a few of you along the way. I do not mind if you venerate the great scientists 
and engineers of the past, but I insist that the future will have similar contributions, that they will be done 
by those now in school, and that there is no reason why you should not be one of those who seem to 
matter in the long history of Man. 
There are many paths to greatness, and no one trait, except the desire to do great work, is essential. Men-
tal brilliance is nice to have, but I have noted that all too often brilliance made things easy for the posses-
sor. Hence the drive, the willingness to struggle with ignorance for long times, was never adequately 
developed in them. Things were too easy for them. 
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You don't have to possess every talent - think of Steven Hawkings, the leading cosmologist in the world, 
and the physical handicaps he has, and what he is still accomplishing! Don't give yourself excuses as to 
why you will not be one of those to add to the accumulated knowledge of ideas and techniques that 
benefit mankind. I cannot discuss here all the traits I have found in my study of those who do geat things, 
but again the only essential is that you are willing to struggle with ignorance. 
How is it that I can see my activities spread across the field of human activities that are related to science 
and engineering? It is not that I am so brilliant, though I do not consider myself a fool either. It is that I 
had the drive, willingness, and the determination to do quality work, and because I had a broad back-
ground in mathematics. Wherever I went in science and engineering it was more or less the same 
mathematics, it was the same sense of abstraction, generalization and extension that I brought that helped 
me to get at the fundamentals where the experts, by their very knowledge, were prevented from looking. 
It is curious, at least to me, that often the outsider, who is willing to work hard, learn the jargon of the 
field, cooperate and be made a bit of a fool for not knowing something that "of course everyone in the 
field knows" - it is the outsider with the unique view characteristic of mathematics who can see the inner 
structure of the problem and produce the idea that is needed to go on, or to get out of the immediate trou-
ble that the experts thought stopped them. 
My recent eleven years of teaching and rethinking my experiences in doing science and engineering have 
only strengthened my view (biasfe d as it may be by my experiences) that simple, good old ordinary 
mathematics, and occasionally tlie creation of a new field of mathematics (which is not so hard as you 
might think it is to do) is what lies at the foundations of our society: a society that depends at every turn 
on scientific and technical results. 
Of course what technique makes possible is not enough - it is the use that is made of it that matters in the 
long run. Hence it is not enough to merely learn mathematics and a smattering of science, you need to 
get a well rounded education that will equip you with the wisdom to make the right choices when you 
face the questions of, "Given all the things that we can do, which should we do, and how should we do 
them?" There are three questions to ask in a project: 
What is possible? 
What is likely to happen? 
What do we want to happen? 
We cannot do everything, and hence choices must be made at every step, and the technician who forgets 
that technique is not everything is likely to cause more harm in the long run than good. Yes indeed, 
mathematics is the basis for much of our society and will become more so in your lifetime, but it is not 
enough! Wisdom in application is also needed. The shape of the future world is to a surprising extent in 
your hands. 
Thank you. 
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